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(57 ABSTRACT 
An engine control is provided for compensating the fuel 
delivery to an internal combustion engine as a function 
of the energy content of the fuel. The engine control 
includes a fuel temperature sensor connected to an elec 
tronic controller. A memory device including a stan 
dard fuel delivery map stored therein is connected to 
the electronic controller. The electronic controller cal 
culates a compensated fuel delivery map as a function of 
the standard fuel delivery map and the fuel temperature, 
and the controller issues a fuel delivery command based 
on the compensated fuel delivery map. 

6 Claims, 1 Drawing Sheet 
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1. 

FUEL DELIVERY TEMPERATURE 
COMPENSATION SYSTEMAND METHOD OF 

OPERATING SAME 

FIELD OF THE INVENTION 

The present invention relates to engine controllers, 
and more particularly, to an engine controller that ad 
justs fuel delivery according to fuel temperature. 

BACKGROUND OF THE INVENTION 

Different types of electronic engine controllers are 
known in the art. Such controllers typically measure 
various engine parameters including engine speed, 
transmission output speed, and a desired engine speed 
command to produce a fuel delivery signal as a function 
of the measured parameters in connection with a fuel 
delivery map or a rack position map stored in memory. 

In prior electronic engine controllers the fuel deliv 
ery signal causes the fuel injector (or rack position in an 
engine without fuel injectors) to inject a particular vol 
ume of fuel into a particular engine cylinder. The power 
produced by the volume of fuel depends on the energy 
content of the fuel, which varies with the density of the 
fuel. These prior art controllers cause a desired volume 
of fuel to be delivered to the individual engine cylin 
ders. That volume will correspond to a desired energy 
content of the fuel so long as the fuel is at an appropriate 
density. However, because the fuel delivery map used 
by such controllers is calculated for a predetermined 
fuel density, it is difficult to precisely control the power 
produced by the engine when the density of the fuel 
varies from that predetermined density. In those cases, 
the delivered volume of fuel will produce more or less 
power than desired because of the increased or de 
creased energy content resulting from the decreased or 
increased density of the fuel, respectively. 

It would be preferable to have an engine controller 
capable of delivering a compensated fuel delivery com 
mand that adjusts delivered fuel volume as a function of 
the density, and thus the energy content, of the fuel. 
The present invention is directed toward overcoming 
one or more of these drawbacks associated with previ 
ous electronic controllers. 

SUMMARY OF THE INVENTION 

In one aspect of the present invention, an engine 
controller is provided, wherein the engine controller 
includes a fuel temperature sensor, a microprocessor 
and a memory means. A standard fuel delivery curve is 
stored in memory. The microprocessor calculates a fuel 
delivery command in response to an engine parameter 
and a temperature of said fuel. 

In another aspect of the invention, a method for gen 
erating an engine is disclosed including the steps of 
sensing a fuel temperature and calculating a compen 
sated fuel delivery command in response to the sensed 
fuel temperature. 
Other aspects and advantages of the present inven 

tion will become apparent upon reading the detailed 
description of the preferred embodiment in connection 
with the drawings and appended. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates in block diagram form a preferred 
embodiment of the engine controller of the present 
invention; and 
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2 
FIG. 2 graphically illustrates the fuel delivery adjust 

ment of a preferred embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 illustrates, in block diagram form, the engine 
control 10 of the present invention. The engine control 
10 will be described with reference to a vehicle engine 
and associated components. However, the present in 
vention is not limited to use in connection with vehicle 
engines, but to the contrary, may be used in other en 
gine applications. 
The engine control includes an electronic engine 

controller 15. In a preferred embodiment, the electronic 
engine controller 15 includes a microprocessor 20. Nu 
merous commercially available microprocessors can be 
adapted to perform the functions of the electronic en 
gine controller 15 of the present invention. In a pre 
ferred embodiment the microprocessor 20 is a series 
MC68HC11 as manufactured by Motorola, Inc. of 
Schaumburg, Ill. 
The microprocessor 20 is connected to a fuel delivery 

means 30 by an electrical conductor 25. The fuel deliv 
ery means 30 may include fuel injectors or a fuel rack. 
The fuel delivery means 30 delivers fuel to individual 
engine cylinders. As would be appreciated by those 
skilled in the art, the volume of fuel delivered to the 
engine cylinders is a function of a fuel delivery com 
mand received on the electrical conductor 25. 

In a preferred embodiment, the fuel delivery means 
30 includes fuel injectors (not shown) associated with 
each of the engine cylinders (not shown). As is known 
in the art, a solenoid is used in connection with each of 
the fuel injectors. Individual fuel delivery command 
signals are delivered to each of the solenoids to cause 
the solenoid to open and permit a specific volume of 
fuel to enter the engine cylinder. Such systems are well 
known in the art. One such system is disclosed is U.S. 
Pat. No. 5,197,867 entitled “Hydraulically-Actuated 
Electronically-Controlled Unit Injector Fuel System 
Having Variable Control of Actuating Fluid Pressure' 
which issued to Glassey on Mar. 9, 1993. 

In a preferred embodiment, a discrete memory device 
35 is connected to the microprocessor 20 by an electri 
cal conductor 40. Although the preferred embodiment 
includes a discrete memory device 35, it should be 
readily apparent to those skilled in the art that suitable 
microprocessors exist that include memory means 
within the microprocessor. The present invention is not 
limited solely to controls using discrete memory, but 
instead encompasses the use of microprocessors having 
memory means included therein. 

Stored within the memory device 35 is a standard fuel 
delivery map 210 (described below and illustrated 
graphically in FIG. 2). As is known to those skilled in 
the art, the microprocessor 20 monitors various engine 
parameter sensors including an engine speed sensor 65 
and calculates a fuel delivery command that is issued to 
the individual fuel injectors based on a fuel delivery 
map and the values of those sensed engine parameters. 
Calculation of the fuel delivery command is discussed in 
more detail below. 
An engine 45 is connected to a transmission 50 which 

transmits engine torque to a drive wheel 60 through a 
drive shaft 55 and associated gearing (not shown). Any 
suitable transmission control may be employed in con 
nection with the present invention. Control of the trans 
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mission is not in itself part of the present invention, and 
is well known in the art. Thus, the transmission and 
transmission control will not be further described. 
The microprocessor 20 is connected to the engine 

speed sensor 65. The engine speed sensor 65 is con 
nected to the engine 45, and preferably is in the form of 
a magnetic pick-up sensor adapted to produce a signal 
corresponding to the rotational speed of the engine 45. 
One suitable sensor is described in U.S. Pat. No. 
4,972,332 issued to Luebbering et al. on Nov. 20, 1990. 
However, many suitable engine speed sensors are 
known in the art, any one of which could be employed 
in connection with the present invention without de 
parting from the scope of the invention as defined by 
the appended claims. The engine speed sensor 65 pro 
duces an actual engine speed signal Nathat is an input to 
the microprocessor 20 over an electrical conductor 70. 
Another input to the microprocessor 20 includes a 

desired engine speed command Nd71. The desired en 
gine speed command can take several forms including 
an analogue signal whose voltage is proportional to the 
desired engine speed, or a pulse-width-modulated signal 
whose duty cycle is proportional to the desired engine 
speed. In a preferred embodiment, the desired engine 
speed command 71 is a pulse-width-modulated signal 
having a duty cycle that is proportional to the position 
of an accelerator pedal and is of the type generally 
disclosed in U.S. Pat. No. 4,915,075 issued to Brown. 

Fuel is delivered to the fuel delivery means 30 
through a fuel line 75. In the block diagram of FIG. 1, 
the fuel line 75 is directly connected to a fuel tank 80. 
However, as would be apparent to one skilled in the art, 
such systems generally include a fuel pump and other 
means for providing a pressurized supply of fuel at the 
fuel delivery means. One skilled in the art could readily 
and easily incorporate such features in connection with 
the present invention. Such fuel pumps and other de 
vices are not in themselves part of the present invention 
and therefore are neither shown in the figures nor fur 
ther described herein. 

In a preferred embodiment, a temperature sensor 85 is 
installed in the fuel line 75, between the fuel tank 80 and 
the fuel delivery means 30. However, there are other 
suitable locations in which the temperature sensor could 
be installed without deviating from the scope of the 
present invention. For example, the temperature sensor 
85 might be installed in the fuel tank 80 or within the 
fuel delivery means 30. Many temperature sensors are 
known in the art, any one of which is suitable for use in 
connection with the present invention. In a preferred 
embodiment of the invention, a thermistor is used. The 
use of a thermistor is well known in the art. One skilled 
in the art could readily and easily include a thermistor 
and associated circuity with the present invention to 
sense the temperature of the fuel. 
The temperature sensor 85 produces a fuel tempera 

ture signal that is delivered to the microprocessor 20 
over an electrical conductor 90. As is known to those 
skilled in the art, fuel density changes with the tempera 
ture of the fuel. As the temperature of the fuel increases, 
the fuel density decreases. Energy content of the fuel in 
turn depends on its density. Thus, more dense fuel con 
tains more energy than an equal volume of less dense 
fuel. Because fuel density is a function of fuel tempera 
ture, the relative energy content of a volume of fuel can 
be determined as a function of the fuel temperature. 

In a preferred embodiment, the microprocessor 20 
calculates a standard fuel delivery command from the 
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4 
desired engine speed Nd command 71, the actual engine 
speed signal Na 70, and a standard fuel delivery map 
210. As shown in FIG. 2, a fuel delivery command is a 
function of a standard fuel delivery map 210 and the 
actual engine speed Na 70. Preferably, the controller 
regulates the actual engine speed using closed loop 
Proportional-Integral-Differential control ("PID con 
trol'). Such controls are known in the art. While a PID 
controller is the preferred control, other control strate 
gies are well known and could be readily and easily 
adapted for use in connection with the present inven 
tion. 

Closed loop engine controllers should ideally regu 
late the energy content of the fuel delivered to the en 
gine cylinders in response to the difference between the 
actual and desired engine speeds. However, prior art 
closed loop controls instead deliver a volume of fuel as 
a function of the difference signal. Some prior art con 
trollers include a volume limit on the amount of fuel 
that can normally be delivered to the engine. That limit 
is normally used when the operator commands near full 
engine power. The present invention is especially useful 
in those controllers. Because those controllers regulate 
the volume of fuel delivered to the engine as opposed to 
its energy content, and the energy content of fuel varies 
with temperature, those controllers may not cause 
enough fuel to be delivered when the fuel is warm, 
when the controller is commanding full power and the 
fuel delivery command is being limited by the volume 
limit. The electronic controller of the present invention 
permits the fuel delivery command to exceed the vol 
ume limit. The amount that the command exceeds the 
volume limit is a function of fuel temperature. The 
controller thereby compensates for the decreased en 
ergy content of the fuel, allowing the engine to attain 
maximum rated power. 
The standard fuel delivery map 210 of the present 

invention calculates a standard fuel delivery command 
that is issued to a fuel injector to cause a desired volume 
of fuel to be injected into an engine cylinder. The stan 
dard fuel delivery map 210 is an empirically determined 
map that causes a certain volume of fuel, having a de 
sired energy content, to be delivered to the engine. 
However, because the energy content of the fuel is 
calculated when the fuel is at a predetermined tempera 
ture, the energy content of that volume of fuel will,be 
approximately the desired energy content when the fuel 
temperature is approximately the same as the predeter 
mined temperature. Because the energy content of fuel 
varies as the temperature of the fuel varies, the energy 
content of the commanded volume of fuel may be more 
or less than desired when the fuel temperature deviates 
from the predetermined temperature. 

Referring now to FIG. 2, the present invention modi 
fies the standard fuel delivery command calculated 
from the standard fuel delivery map 210 as the fuel 
temperature varies from the predetermined fuel temper 
ature. In a preferred embodiment, the predetermined 
fuel temperature is 40 degrees centigrade. An upper fuel 
delivery map 220 and a lower fuel delivery map 230 are 
provided. The upper fuel delivery map 230 represents 
an upper limit to a compensated fuel delivery command. 
Likewise, the lower fuel delivery map 210 represents a 
lower limit to a compensated fuel delivery command. 
The compensated fuel delivery command adjusts the 

volume of fuel delivered to the engine as a function of 
both engine speed and fuel temperature. In a preferred 
embodiment of the invention, the compensated fuel 
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delivery command is calculated according to the fol 
lowing formula: 

Compensated Uncompensated N EQN. 1 
Fle = Fuel + -i-. f (Tfuel - 40) 

Delivery Delivery 

where 
Tfiel=sensed temperature of the fuel in degrees centi 

grade. 
Na=Engine Speed in RPM's. 
The upper fuel delivery map 220 is calculated from 

EQN. 1 by substituting an upper temperature compen 
sation limit for Tiel. In a preferred embodiment, the 
upper temperature compensation limit is 90 degrees 
centigrade. Similarly, the lower fuel delivery map 230 is 
calculated from EQN. 1 by substituting a lower temper 
ature compensation limit for Tiel. In a preferred em 
bodiment, the lower temperature compensation limit is 
-40 degrees centigrade. Although these temperature 
values are used in the preferred embodiment, those 
skilled in the art could readily and easily modify these 
values or the above formula without deviating from the 
scope of the present invention as defined in the ap 
pended claims. 
FIG. 2 generally illustrates the relationship between 

the standard fuel delivery map 200, the upper fuel deliv 
ery map 210, and the lower fuel delivery map 220. 
These maps are exemplary of the fuel delivery maps 
that are used in connection with the present invention. 
Because each individual engine application may have 
different fuel delivery requirements, one set of fuel 
delivery maps cannot be shown for all engine applica 
tions. However, one skilled in the art could readily and 
easily implement the compensation feature of the pres 
ent invention once a standard fuel delivery map for a 
specific engine application is known. 
Using EQN. 1 and the fuel delivery maps of FIG. 2, 

the microprocessor 20 then measures the actual fuel 
temperature as sensed by the fuel temperature sensor 85. 
If the actual fuel temperature exceeds the predeter 
mined fuel temperature then a compensated fuel deliv 
ery map is calculated according to EQN. 1, with the 
upper fuel delivery map 220 acting as an upper limit to 
the compensated fuel delivery map. As noted above, in 
a preferred embodiment the upper fuel delivery map 
220 is calculated by substituting the upper temperature 
compensation limit into EQN 1. If the temperature of 
the fuel exceeds the upper temperature compensation 
limit, then the compensated fuel delivery map will sub 
stantially equal the upper fuel delivery map 220. 

Likewise, if the actual fuel temperature is less than 
the predetermined fuel temperature then a compensated 
fuel delivery map will be calculated according to EQN. 
1, with the lower fuel delivery map 230 forming a lower 
limit for the compensated fuel delivery map. As noted 
above, in a preferred embodiment the lower fuel deliv 
ery map 230 is calculated by substituting the lower 
temperature compensation limit into EQN 1. If the 
actual fuel temperature is below the lower temperature 
compensation limit, then the fuel delivery map will 
substantially equal the lower fuel delivery map 230. 
When the fuel temperature is between the upper and 

lower temperature compensation limits, the micro 
processor 20 calculates the compensated fuel delivery 
map according to EQN. 1. 
By compensating the fuel delivery command in the 

foregoing manner, the present invention calculates a 
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6 
fuel delivery command that is a function of energy 
content of the injected fuel. As the temperature of the 
fuel increases, and therefore the density decreases, the 
energy content of a unit volume of fuel decrease. The 
engine controller of the present invention calculates a 
compensated fuel delivery map that increases the vol 
ume of fuel to be delivered to the engine in such a situa 
tion to compensate for the reduced energy content of 
the warmer fuel. Likewise, when the temperature of the 
fuel decreases, its density increases and the energy con 
tent of a unit volume of fuel increases. The engine con 
troller of the present invention calculates a compen 
sated fuel delivery map that decreases the volume of 
fuel delivered to the engine to compensate for the in 
creased energy content of fuel. In this manner the fuel 
command is a function of the energy content of the fuel 
as opposed to being solely a function of the volume of 
injected fuel. 
We claim: 
1. An engine controller for use with an engine, con 

prising: 
fuel delivery means for delivering fuel to an engine 

cylinder in response to receiving a fuel delivery 
command; 

an engine speed sensor; 
a fuel temperature sensor; 
a memory device, said memory device including a 

standard fuel delivery map; 
an electronic controller connected to said engine 

speed sensor, said fuel temperature sensor, and said 
memory device; 

an upper fuel delivery map stored in memory; 
an upper compensation temperature limit; 
wherein said electronic controller calculates a fuel 

delivery command in response to the sensed values 
of said engine speed sensor and said fuel tempera 
ture sensor; 

wherein said fuel delivery command is delivered to 
said fuel delivery means; 

wherein said electronic controller calculates a com 
pensated fuel delivery map as a function of said 
standard fuel delivery map and said sensed value of 
said fuel temperature sensor; and 

wherein said compensated fuel delivery map is sub 
stantially equal to said upper fuel delivery map in 
response to a sensed value of said fuel temperature 
exceeding said upper temperature compensation 
limit. 

2. The engine controller according to claim 1, includ 
1ng: 
a lower fuel delivery map stored in memory; 
a lower compensation temperature limit; and 
wherein said compensated fuel delivery map is sub 

stantially equal to said lower fuel delivery map in 
response to a sensed value of said fuel temperature 
being less than said lower temperature compensa 
tion limit. 

3. The engine controller according to claim 2 
wherein said compensated fuel delivery map is between 
said upper and lower fuel delivery map in response to 
said fuel temperature being between said upper and 
lower compensation temperature limits. 

4. An engine controller for use with an engine, com 
prising: 

fuel delivery means for delivering fuel to an engine 
cylinder in response to receiving a fuel delivery 
command; 
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an engine speed sensor; 
a fuel temperature sensor; 
a memory device, said memory device including a 

standard fuel delivery map; 
an electronic controller connected to said engine 5 

speed sensor, said fuel temperature sensor, and said 
memory device; 

a lower fuel delivery map stored in memory; 
a lower compensation temperature limit; 
wherein said electronic controller calculates a fuel 10 

delivery command in response to the sensed values 
of said engine speed sensor and said fuel tempera 
ture sensor; 

wherein said fuel delivery command is delivered to 
said fuel delivery means; 15 

wherein said electronic controller calculates a com 
pensated fuel delivery map as a function of said 
standard fuel delivery map and said sensed value of 
said fuel temperature sensor; and 

wherein said compensated fuel delivery map is sub- 20 
stantially equal to said lower fuel delivery map in 
response to a sensed value of said fuel temperature 
being less than said lower temperature compensa 
tion limit. 

5. A method of operating an internal combustion 25 
engine having a fuel delivery means for delivering fuel 
to individual engine cylinders and an electronic control 
ler that calculates a fuel delivery command as a function 
of sensed engine operating parameters and a standard 
fuel delivery map, wherein said fuel delivery command 30 
is issued to said fuel delivery means, and wherein said 
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8 
fuel delivery means is connected to a fuel supply, com 
prising the steps of: 

sensing a temperature of fuel being delivered by said 
fuel delivery means; 

comparing the temperature of the fuel to a predeter 
mined fuel temperature; 

computing a compensated fuel delivery map; 
issuing a fuel delivery command as a function of said 

engine operating parameters and said compensated 
fuel delivery map; 

reducing said standard fuel delivery map in response 
to said fuel temperature being less than said prede 
termined temperature; and 

increasing said standard fuel delivery map in response 
to said fuel temperature being greater than said fuel 
delivery map. 

6. The method as set forth in claim 5, including the 
step of: 
comparing said fuel temperature to an upper tempera 

ture compensation limit; 
comparing said fuel temperature to a lower tempera 

ture compensation limit; 
wherein said compensated fuel delivery map is sub 

stantially equal to an upper fuel delivery map in 
response to said fuel temperature exceeding said 
upper temperature compensation limit; and 

wherein said compensated fuel delivery map is sub 
stantially equal to said lower fuel delivery map is 
response to said fuel temperature being below said 
lower temperature compensation limit. 
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